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ABSTRACT 



A statistical simulation of a semiconductor fabrication pro- 
cess is performed in parallel with the actual process. Input 
parameters derived from a probability density function are 
applied to the simulator which, in turn, simulates an actual 
fabrication process which is modeled as a probability den- 
sity function. Each simulation step is repeated with a random 
seed value using a Monte Carlo technique, a trial-and- error 
method using repeated calculations to determine a best 
solution to a problem. The simulator generates an output in 
the form of a probability distribution. The statistical simu- 
lation uses single-step feedback in which a simulation run 
uses input parameters that are supplied or derived from 
actual in-line measured data. Output data generated by the 
simulator, both intermediate output structure data and WET 
data, are matched to actual in-line measured date in circum- 
stances for which measured data is available. The probabil- 
ity density structure of the simulator is adjusted after each 
simulation step so that simulated date more closely matches 
in-line measured data. 

20 Claims, 10 Drawing Sheets 
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SYSTEM FOR MONITORING AND 
ANALYZING MANUFACTURING 
PROCESSES USING STATISTICAL 
SIMULATI ON WI TH SINGLE STEP 
FEEDBACK 

FIELD OF THE INVENTION 

The present invention relates to manufacturing processes 
such as integrated circuit fabrication processes. More 
specifically, the present invention relates to a feedback 
system for analyzing and monitoring a manufacturing pro- 
cess. 

BACKGROUND OF THE INVENTION 

Process simulation is the usage of processing 
experiments, typically using a computer, as directed by 
mathematical models created to describe a process phenom- 
ena. Many simulation and analysis tools (for example, 
Pisces, Medici Suprem3, Suprem4 and PdFab) have been 
developed to assist process integration and device develop- 
ment. These tools have not been as widely employed for 
integrated circuit manufacturing. Generally, these tools are 
developed primarily for research and development purposes 
and do not adequately address various difficulties that arise 
in the manufacturing environment 

Several characteristics are generally applicable to the 
manufacturing environment and distinguish the manufactur- 
ing environment from a process integration and device 
development environment One characteristic of the manu- 
facturing environment is that measurable aspects of pro- 
cesses are have a fundamentally statistical nature, rather than 
a deterministic nature. Process variations and measurement 
errors are inherent to manufacturing processes so thai sub- 
stantially all data measured in a manufacturing environment 
is statistical. Exact measurement values are generally not 
available for each device at each stage of a manufacturing 
process so that a single data point is insufficient to justify a 
decision relating to the process. For example, if it is known 
that application of input parameters A and B to a fabrication 
process to yield an output variable C, what is truly known is 
mat input parameters A and B each have a statistical profile 
that, when combined in the fabrication process, yield a 
statistical profile C shown in FIG. 1. The most useful 
information available in a manufacturing environment is the 
form of the statistical profile which results from the process. 
Unfortunately, nearly all information that is utilized in the 
manufacturing environment and all input parameters to a 
fabrication tool are expressed in the form of single-valued 
parameters, rather than in statistical profiles. 

While conventional simulation and analysis tools do not 
suitably address the statistical nature of manufacturing 
processes, these tools are also deficient in railing to take 
advantage of the extensive process variables, in-line mea- 
surements and Wafer Electrical Testing (WET) data mea- 
surements that are available. WET testing includes testing 
for various device electrical parameters including threshold 
voltage and drive current that are measured at a wafer level, 
before bonding. Conventional simulation and analysis tools 
designed for research and development generally presume 
that a fabrication process is not yet operational for actual 
manufacturing. Therefore, these conventional simulation 
and analysis tools are not sufficiently flexible far a manu- 
facturing engineer to make optimizations of the process. 
Specifically, these conventional tools do not allow the manu- 
facturing engineer to utilize the extensive statistical data thai 
is available in a manufacturing process to optimize the 
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simulation model. Furthermore, for simulation tools mat use 
either an empirical approach or an analytical approach, the 
model fitting parameters do not have sufficient degrees of 
freedom to match the extensive data that are available from 

s an actual manufacturing process. 

Another characteristic of the manufacturing environment 
is that monitoring of manufacturing processes and improve- 
ment of these processes is a fine-tuning process. Each tuning 
step includes a measurement of small differences in process 

10 variables with these differences being attributable at least in 
part to statistical fluctuations and also to complicated inter- 
actions between multiple reactions of the process as various 
process parameters are modified. Process results are typi- 
cally difficult to measure with accuracy. A large number of 

1S highly variable factors influence process results. Modifica- 
tion of a single factor in isolation from other factors is 
difficult This difficulty arises not only from a limited 
understanding of a factor's influence on the process but also 
because the various factors cause complex inter-related 

20 cross effects and interactions. Thus, a simulation and analy- 
sis tool that a production engineer confidently uses needs to 
supply a much higher order of measured precision of the 
data. Mere indications of data trends are insufficient. What 
is sought in the development of manufacturing tools and 

25 techniques is not a drastic change in a fabricated structure, 
but rather a small adjustment in characteristics. For example, 
what typically produces an improvement in an integrated 
circuit structure, such as an LDD structure in a transistor, is 
a change in dopant dosage of about ten percent or a change 

30 in applied temperature of 100° C The combination of the 
small size of the adjustments which are achieved by process 
modifications and the difficulty in measuring results of the 
modifications accurately manifest a disadvantageous char- 
acteristic of the manufacturing environment akin to a poor 

3S signal-to-aoise ratio in signal processing. 

Manufacturing simulation tools are calibrated prior to 
performing a simulation test Calibration is typically accom- 
plished by entering calibrated input parameters that are 
generated either experimentally or by previous simulation. 

40 In conventional manufacturing process calibration, a speci- 
fied value of a parameter is fitted to produce a specified 
process output value. Realistic simulation results are rarely 
achieved using conventional simulation and calibration 
techniques since these techniques do not capture the true 

45 nature and complexity of the manufacturing process. 
Furthermore, conventional calibration processes require an 
intense study of device engineers before a simulation tool 
becomes useful. Thus, the calibration processes cause sig- 
nificant delay in process Qualification and improvement 

50 This problem is worsened by the fact that calibration pro- 
cedures are repeated continuously as the environment in die 
manufacturing area changes over time. 

These characteristics of the manufacturing environment 
are applicable to an analysis of manufacturing monitoring as 

55 well as process improvements. Per example, it is often 
desirable to know how processes change over time to track 
changes in fabrication results of a small amount, such as 3 
percent, over time, for example 3 weeks to yield an ultimate 
result Furthermore, these small differences are typically 

60 measured in an environment of statistical fluctuation and 
measurement error. 

Although many characteristics of the manufacturing envi- 
ronment are disadvantageous, several are advantageous. 
One advantage is that specification of the structure resulting 

65 from the manufacturing process is well defined. Another 
advantage is that actual in-line measurement data acquired at 
various stages of the manufacturing process and actual WET 
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data arc plentiful and easily available. These data include manual calibration by furnishing a calibration framework in 

statistical profile data that are highly informative regarding which specific parameter, are modified mdependently and 

u^tfaSgVocc". the results of these modifications are easily tracked Thus. . 

™ u """- lu ""S t" v *" whole ranee of calibration information is acquired that 

What is sought is a technique ^^^tSS& 5 SJS»*» modifications in spewed pannneten 

manufacturing processes such that inaccuracies arising from 3 t ^T^T-^ f-rvts^lr 

statistical fluctuations, complicated interactions, and raea- single-step feedback ^ . ^ ^ 

urcment errors are avoidedor compensated so that process Another advantage of the disclosed metJiod is that Ac 

produce even small differences can be defect rate of fabricated devices is very low due tome 

^^t^^^S^^iy^l reduction in handling. A further advantage of tte method 

10 that results from the reduced handling is a substantially 

SUMMARY OP THE INVENTION reduced manufacturing cost 

In accordance with the present invention, a statistical BRIEF DESCRIPTION OF THE DRAWINGS 
simulation of a semiconductor fabrication process is per- 
formed in parallel with the actual process. Input parameters The features of the invention believed to be novel are 
extracted from actual fabrication data and expressed in the specifically set forth in the appended claims. However, the 
form of a probability density function are applied to the invention itself, both as to its structure and method of 
simulator which, in turn, simulates an actual fabrication operation, may best be understood by referring to the 
process which is modeled as a probability density function. following description and accompanying drawings. 
Each simulation step is repeated with a random seed value ^ mG x labeled Prior Art, is a sequence of graphs which 
using a Monte Carlo technique, a trial-and-error method uiustnOe a black-box analysis of a manufacturing process, 
using repeated calculations to determine a best solution to a showing statistical profiles of two process input parameters 
problem. The simulator generates an output in the form of a whicn ^ ^ combination, yield a statistical profile of an output 
probability distribution. variable. 

The statistical simulation uses single-step feedback in ^ pj G j is a block diagram showing components of a 

which a simulation run uses input parameters that are simulation system in accordance with an embodiment of the 

supplied or derived from actual in-line measured data. pc CSCtA invention. 

Output data generated by the simulator, bothintermediate diagrams illustrating a two- 
output structure data and WET data, are matched to actual oTthe simulation systemlhown in FIG. 2. 
in-line measured data in circumstances for which measured - » ~ * „ith**«™ nmr« fi of a 
data is available. The probability density structure of the 30 FIG. 4 is a flow chart of a calftrauon process of a 
^IZlt^tS arteea* simulation step so that ati^^ilc* »^ m a ° C ° Rlai,CC Wl * 
simulated data more closely match in-line measured data. ment of the present invention. 

The essence of the single-step feedback is that one dedicated FIG. 5 is a flow chart of a measured data highpass filtering 

series of Monte Carlo simulations exists for the calibration 35 operation of the calibration process shown in FIG. 4. 

of each individual process step, using calibration results FIGS. 6(A), 6(B) and 6(C) are a sequence of graphs which 

from all of the previous steps. For example, if a process illustrate intermediate results of a measured data highpass 

includes fifty process steps and one hundred Monte Carlo filtering operation depicted in FIG. 5. 

simulation steps are needed to build the calibration model JUGS. 7(A), 7(B), 7(C), and 7(D) are a sequence of graphs 

then the simulation process will include 5000 simulation ^ wnicb fliustiate imermediate results of a specified data 

steps in the calibration process, each starting from the first mg^pass filtering operation. 

step to the calibrating step. FIG. 8 is a flow chart which illustrates steps of a matching 

The statistical simulation includes two types of simulation operation for matching actual data to simulated data. Hie 

runs including calibration runs and prediction runs. Both operation is a step of the calibration process 

types of simulation runs are statistical simulaUons which 45 dcg ^d with respect to FIG. 4. 

employ a probability density function as a basic elementary RG . 9 is a flow chart which illustrates steps of « predic- 

uait. tion process of a statistical simulation method in accordance 

The calibration run calibrates simulated output data to *^ cmbodimcilt of the present invention, 

match actual in-line measured data. A simulation operator showing elements of an overall 

process, particular process parameters including fabrication embodiment of the present invention, 
tool-specific parameters, temperatures, pressures, deposition DETAILED DESCRIPTION 
material concentrations, and the like, are specified indepen- 
dently Results of calibration ran* are compared and param- 55 FIG. 2 is a block diagram showing components of a 
eters are updated as a result of these comparisons so mat the simulation system 2W, including various fabrication equip- 
process is specialized for selected fabrication characteristics. ment 210, various test equipment 212 for measuring process 
The described process has many advantages. One advan- parameters and a simulation computer *«^, 2 A*JV" 
tag* is ttwt me described apparatus andlnetbod combine actual fabrication process, typically a plurality of fabrication 
s^^fnarysir^ten^Xble measurements with 60 equipment 21» Is employed to carry out different «e£tf«he 
feedback to an in-line manufacturing process line. In fabrication process. At several stages of the fabrication 
addition, the automatic calibration feature of the statistical process, process parameters are acquired using the test 
simulation method advantageously complements manual equipment 212. Acquired process parameter data are con- 
calibration of a fabrication process. A simulation operator veyed to the simulation computer system oyer . Jm-»- 
maintains the capability to manually calibrate fabrication 65 sion path 21«. The transmission path 216 is any suitable 
parameters by dmply changing parameter values in the communication system such as transmission wires or net- 
STmT The aZmatic KT^e facilitates worlc line,. Other data transmission methods may include 
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manual technique* such as conveyance by magnetic disk. process 450. The actual in-line process 420 includes with a 

Examples of fabrication equipment 210 include CVD wafer start step 422 for initializing process parameters takes 

reactors, vacuum pumps, ion implantation equipment, depo- place, a single process step 424 for performing a singe 

sition equipment, photolithography equipment, optical selected fabrication process step, a measurement step 426 

alifiDcrs. photomasks, wafer cleaning equipment, wet etch- 5 for measuring a result of the selected fabrication process, a 

ing equipment and the like. Examples of test equipment 212 process end step 428 for terminating the selected fabrication 

include residual gas analyzers, spectral analyzers, electrical process and the measure WET data step 430 for measuring 

probes, optical dosimetry measurement equipment, optical WET data parameters. Adjustment of different process steps, 

microscopes, laser reflectometry equipment, spectroscopes which are suitable for simulation analysis, of a plurality of 

and similar data acquisition tools that are known in the art 10 suitable process steps is performed independently in this 

of manufacturing. The simulation computer system 214 is manner. A process step which is suitable for simulation is a 

any suitable computer system which includes common com- process step that: (1) produces a fabrication result that is 

putational functionality and common communication opera- important to the functionality or structure of an integrated 

tions for receiving process data. In one exemplary circuit, (2) produces a measurable result (3) is capable of 

embodiment, a SUN SPARC 20™ application server with a 15 simulation, and (4) responds to changes in simulation 

network of x86 PC interface clients are employed as the parameters with differences in function or structure, 

computer system 214. A customized IMFab™ simulation Examples of suitable process steps include pad oxidation 

tool and conventional software, including Microsoft before channel implant, gate oxidation, gate etch and spacer 

Excel™ and Microsoft Access™ are used to process data. oxide steps. Typically, two types of output data are measured 

The simulation system 200 is a simulation and analysis M that result from a fabrication process step, including vertical 

tool for a inanuracturing environment that mcorporates dimension data and horizontal dimension data. Examples of 

several elective properties. First, the simulation system 200 vertical dimension data include oxide growth, gate oxide 

provides for simulation and analysis in which data is input, thickness, polysilicon thickness data and the like. Horizontal 

processed and output with an arbitrary statistical distribution dimension data include polysilicon gate length and LDD 



profile since actual fabrication data statistics may not be ^ spacer width, for example, 

distributed in a Gaussian profile. Second, the simulation Doping profile data results from processes which are 

system 200 furnishes a capability to utilize any measured assumed to be stable so that a doping profile is typically 

data, if available, to improve the accuracy of simulation known, allowing simulation on the basis of theoretical 

results. The simulation system 200 also allows data supple- estimations of parameter values, rather than measured data, 

mentation to achieve a best possible simulation even if some 30 in one example of a suitable selected fabrication process, the 

statistical data is not measurable or is otherwise unavailable. single process step 424 performs a gate oxidation process 

Third, the simulation system 200 is flexible and allows and the in-line measurement step 426 measures a data profile 

models underlying the simulation to be upgraded and of oxide thickness. 

improved. Fourth, the simulation system 200 performs sub- Corresponding steps of the simulation process 450 are 
staatially all operations promptly and automatically without 35 performed in parallel with steps of the actual in-line process 
conflicts with existing data collection and analyzing systems 420. a simulation start step 4S2 begins the simulation 
in the fabrication. process 450 in response to initializing data from the actual 
Referring to FIGS. 3A and 3B. two-run process of the in-line process 420. The wafer start step 422 generates Initial 
simulation system 200 includes two different run modes of data, such as orientation data, that is measured and trans- 
operation, specifically a calibration run 310 depicted in FIG. 40 f erred to the simulation process 450, typically through a 
3A. and a prediction run 320. In the calibration run 310 manufacturing control system, such as Workstream™, the 
depicted in FIG. 3A, available data are processed to generate remote access channel of the manufacturing control system, 
fitting functions for matching simulated and measured data. such as Remote Workstream™, and a network connection to 
The calibration run 310 includes a single simulation step 312 the application server, such as TCP/IP. A simulation start 
and actual measurements 314, Results of the simulation step 45 step 452 initializes parameters of the simulation process 450 
312 and the actual measurements 314 are processed accord- to arbitrary, used-defined values. Following the simulation 
ing to a fitting function 316. The calibration run 310 includes start step 452, a simulation step 454 simulates the actual 
a scries of single simulation steps 312, each with corre- process step performed in single process step 424, first using 
sponding actual measurements (both process parameters and arbitrary, user-defined parameters and later adapting the 
in-linc/WET data) 314. Results of a plurality of the simu- so parameter values on the basis of actual in-line measure- 
lation steps 312 and the actual measurements 314 are menu. Various miscellaneous input parameters such as 
processed to produce a fitting function 314. Bach simulation processing time are designated by the test operator. These 
step 312 processes data accumulated using all fitting tunc- input parameters are applied to the single process step 424 
tions previously calculated during the calibration run 310. and the simulation step 454. Input data may be applied in 



In the prediction run 320 depicted in FIG. 3B, measured 55 several formats. However, the input data is converted into a 

data and the fitting functions calculated in the calibration run statistical distribution function before actual processing 

310 are used to predict unknown data. During the prediction begins. For an array of input data points, data is sorted and 

run 320, if any process parameter is missing from the the probability of a data value being between any two 

existing database, the statistical distribution function used in consecutive data points is assumed to be the same. For data 

the corresponding calibration run 310 replaces the missing go presented in statistical form, such as data with a mean, 

parameter. If any WHT data or in-line parameter is contained standard deviation and range limits, the data is modeled in 

in the existing dataset, these WET data or in-line parameters a statistical distribution function as a truncated Gaussian 

replace computed values without changing fitting functions. profile for usage as a statistical distribution function. For 

Referring to FIG. 4, a flow chart of a calibration process data presented in a statistical form, such « a D^eanmd range 

400 of the statistical simulation method is shown. The 65 limits, the data is modeled in * statistical dbtnbutm func- 

cafibration process 400 includes two parallel processes tion as a truncated Gaussian profile with each sr^dfied Umrt 

including a£ actual in-line process 420 and a simulation being resumed to deviate from the mean value by three 
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standard deviations. If the mean is not centered between the 426. and compare* these data profiles digital sample by 

range limits, the function is modeled as an asymmetric digital sample, for example by calculating the point-by-point 

Profile and is considered the combination of two half- difference of the profiles. The difference profile is stored in 

Gaussian profiles that have the same population and differ- store difference profile step 4M. A dete^ne mateWng 

ent standard deviations. For data presented in a statistical 5 process to convert step 4ft determines whether to convert 

fo^uTas .Tan and standarToe^tion. the data is ^«ted profile date ustag pmvtous " 

modeled in a statistical distribution function as a Gaussian "^^.^^Z «^L^^nvS c^a^nt 

profile. Data presented a, a single data print U used only for ^^^Z^^TS^^ 

parameters that are insignificant when no additional lnfor- penormeu °° ™ ™„^c r^.ttmiatrr. 
mation is unavailable. Each actual or simulation result, 10 

including intermediate results, is applied to the simulation VC ^^J^ 8 J 

and process as a statistical distribution function, rather than <>n the basis ^^ n ^^^^^ n 
a sin& point Htu s, a statistical diction function i s 

the elementary data type in the notation system 200^ S^^feX^Con. The conversioo^c- 

Simulation step 454 operates on the basis of statistical » tion is then used to match any arbitrary simulated point to a 

simulation in which a simulation step is repeated many converted simulated point for latter simulation. One way to 

times. Each single simulation run computes one value from obttm mc conversion function uses Newton's interpolation, 

each input statistical distribution function, processes the Th|JS for a daU rjmgc defined by actual measured data, 

input values in accordance with a corresponding physical or Nc wton*s interpolation is used to define a continuous func- 

device model, and obtains a value for each output statistical 2° doQ ba5ed ^ percentile niatching. For a data range not 

distribution function. A higher number of simulation repeti- defined by actual measured data, a third order polynomial is 

tions results in improved accuracy in the output distribution. USC(J to mc continuous function. This matching 

One example of an input processing parameter is a method furnishes a suitable balance between flexibility and 

processing time parameter. In addition, various actual in-line ^ accuracy. 

measurements are acquired during the single process step. After each single process step and each simulation step is 
Results of these in-line measurements are communicated to complete and the simulated profile is generated, additional 
the simulation step 454 by a bighpass filter step 456. The process steps may be performed and additional simulation 
higbpass filter step 456 filters input parameters and in-line process steps including various simulation, bighpass filter, 
measured data from the single process step 424 and per- ^ g CDcratc simulated profile, random seed, actual data to 
forms digitized processing to generate an output of a discrete simulated data comparison, store difference profile and 
probability density function. Simulation results from the determine matching process to convert and matching pro- 
simulation step 454 are applied to a generate simulated ccs$ conversion steps may be performed for the application 
profile step 458 and to a random seed step 460. The random of additional fabrication processes. For each single process 
seed step 460 updates a seed value for Monte Carlo tech- ^ stcp of ^ in-line fabrication and each corresponding 
nique simulation and applies the updated seed value to the simulation, a full actual in-line process and a full simulation 
simulation step 454. The generate simulated profile step 458 m performed, using random input parameter data, so that 
constructs a simulated profile which is used for niatching independent processing stages are performed with actual 
analysis of actual and simulated results. The simulation fabrication steps proceeding in parallel with simulated steps, 
takes place in a plurality of Monte Carlo steps, each step ^ Fo u 0 wing all actual process steps, actual processing 
including one pass through the simulation and random seed terminates with an actual process end step 428 and the 
steps 454 and 44*. measure WET data step 430 measures the final output data 
Multiple-pass feedback steps mat are performed in the 0 f the fabrication process and generates a WET data profile, 
simulation and random seed steps 454 and 460 are illustra- The WET data is processed in a bighpass filter step 432 to 
rive of a single-step feedback: concept for performing call- 45 generate filtered WET data. 

oration of the simulation system 2*0. Each single simulation Following all simulated process steps, simulation termi- 

step is evaluated independently of other simulation steps. In Q ates with a simulated process end step 470 and a full device 

one simulation step, data arc measured and applied to a simulation step 471 is performed by device simulation step 

simulation step and results of the simulation are fed back to 471 5tcp 472. The device simulation step 472 incorporates 
the process. Simulation results are used only to compute the ^ profile information derived in previous simulation steps and 

fitting function for data measured within the simulation step. utilizes Monte Carlo analysis using random seed simula- 

Using the single-step feedback concept, measured data is tioDS A generate device simulation profile step 473 gener- 

flexibfy used to improve simulation accuracy while the ates a device profile that corresponds to the actual calculated 

interaction between different simulation steps and propaga- WET data. A device profile m^tr-hing step 474 compares the 
tion error are reduced. 55 WET data to the device data generated by the device 

The single-step feedback concept is substantially different simulation step 471 digital sample by digital sample, for 

from conventional simulations In which an entire simulation example by calculating the point-by-point difference of the 

is completed in each simulation run with intermediate output profiles. This device difference profile is stored in store 

values of all simulation steps being assembled and the device difference profile step 476. A determine matchin g 
output fitting function being calculated all at one time. 60 process to convert WET data step 478 determines whether to 

Subsequent to the single process step 424, the in-line convert simulated profile data using previous simulated 

measurement step 426 measures the data profile of oxide WET data or actual WET data on the basis of the difference 

thickness and communicates the data profile result to an profile determined by the device profile niatching stcp 474. 

actual data to simulated data comparison step 462. The A conversion operation is performed on the simulated WET 
actual data to simulated data comparison step 462 receives 65 data in WET statistical profile conversion step 480 to 

simulated data from the generate simulated profile step 458 generate the final output profile of the calibration process 

and actual in-line data from the in-line measurement step 400. 



5,719,796 

9 10 

Output data that is generated by the calibration process Derive probability density function step S18 function step 

400 includes all of the matching profiles and all simulated 516 calculates a probability density function of the actual 

m mui in line parameter values. An example of the probability 

r u^x * r.u M ,^ A „ aaa tt^ density fuDctioo is shown in FIG. 6(C). Generate probability 

to sonie embodiment of to uWc _ 520 asscmblcs a tabic of n probability 

actual in-line process 420 and the simulation process 450 are 5 ^7 ronc tionvalues in ascending order of steps 5y. 
completely automatic, being ^ 0^1 ^.^^ i, ^ Referring to FIGS. 7(A), 7(B), 7(C) and 7(D). a highpass 

neousfy and in itd umc In ^^^^J^^ filtering operation for highpass filtering specified data is 

in-line process 420 and the simulation process 450 are d^bc^Lfcically. For specified data, a probability den- 
performed in parallel but not in real time so that thevarious ^fnTikxiycd thecieucally rather than cxperimcn- 

actual process steps and simuUtion steps are performed ™ tally so that no data is processed. Specified data is specified 
generally independently but with data ^^J^jea- vuio|M statistical parameters. In one example, specified 

surements on the actual in-line process 420, filtered off-line ^ specified by a mean parameter value u, a standard 

in steps such as the highpass lutostep^6. and communi- ^^^alue £ a mlixi £ mi parameter value and a 

cated to the simulation process 450, off-line. minimum parameter value so that a probability density 

In some embodiments of the calibration process 400, function is fitted to a Gaussian distribution as is shown in 

in-line data extraction from the actual in-line process 420 is piQ. 7(A). In another example, specified data is specified by 

automated and the highpass filtering in steps such as the a mean parameter value u and a standard deviation value p 

highpass filter step 456 is operated for pre-selected samples 4^ so that a probability density function is fitted to a 

of actual in-line data automatically and periodically. ^ Gaussian distribution as is shown in FIG. 7(B). In a further 

Referring to FIGS. 6(A), 6(B) and 6(C) in conjunction example, specified data is specified by a mean parameter 

with a flow chart shown in FIG. 5, a highpass filtering value u, a Trur»imiim parameter value and a minimum 

operation for highpass filtering measured data is described parameter value so that a probability density function is 

graphically. The highpass filtering operation is performed in fitted to an asymmetric Gaussian distribution as is shown in 

the highpass filter steps 432 and 456 shown in FIG. 4, for ^ FIG. 7(Q. In another example, specified data is specified by 

example. FIG. 5 is a flow chart depicting steps of a highpass a mean parameter value u alone so that a probability density 

filter operation 500 for filtering measured data. Data is function is estimated to a Gaussian distribution as is shown 

measured in measurement step 510 and measured data is in FIG. 7(D). Generally, a more suitable probability density 

counted in each of a plurality of quantized error ranges 6x function is calculated when more parameters are supplied as 

in fill histogram step 512. Data is in the form of process w opposed to fewer parameters. 

parameters, in-line measurements and WET data. Generally, Referring to FIG. 8, a matching operation 800 for usage 

process parameters include any suitable and meaningful in the actual data to simulated data comparison step 462 and 

process parameters mat may be measured, observed or the device profile matching step 474, both shown in FIG. 4, 

specified during a fabrication process. Suitable process i t illustrated by a flow chart. First, actual data is highpass 

parameters include furnace temperatures and deposition 35 filtered in the manner described with respect to FIG. 5. 

times, for example. In-line measurements include any men- Specifically, the matching operation 800 includes the fill 

surements of process results such as oxide thickness for a histogram step 512, the error quantization step 514. the data 

gate oxidation process step, poiysilicon thickness for depo- normalize step 516, die derive probability density function 

sition steps, and the like. WET data includes electrical step 518 and the generate probability density table step 520. 
parameter measurements such as threshold voltage (Vth), ^ In a match profile step 820, the probability density table for 

saturation threshold voltage (Vsat), maximum transconduc- «imni»tgyi data generated in a step which generates simulated 

tance (Gm) and saturation current (Idsat). Process steps of data such as generate simulated profile step 458 and die 

pad oxidation before channel implant, gate oxidation, gate generate device simulation profile step 473, both shown in 

etch and spacer oxide steps are considered most influential piG. 4 is fitted to the probability density table for the actual 
for controlling these WET data parameters. A process 45 ^it* generated by the generate probability density table step 

parameter designates a specified parametric value which 520. Profile fitting is performed by forcing the step sizes of 

serves as an input parameter to a process. The in-line the profile by so that the percentage of the total 

measurements and WET data are measured as results or number of data points falling within each variable step size 

applied as input parameters to the process. range of the simulated profile matches the percentage of data 

FIG. 6(A) shows a histogram of actual in-line data mca- » points in each fixed step size range of the actual data profile, 

surement values shown on the horizontal axis in a quantized in mis manner, a difference profile is generated which 

error range 6x and the number of data points falling within includes a 4 times n array of step samples. For each of the 

each Sx range of measurement values on the vertical axis. n step size samples, four elements are stored including an 

The highpass filtering operation described with respect to amplitude number indicative of the percentage of total data 
FIGS. 6(A), 6(B) and 6(C) operates on measured and 55 points for each step element, the ascending fixed-size 6y 

observed data. steps for the actual data, the ascending variable- size 5/ steps 

Referring again to FIG. 5, error quantization step 512 for the fitted simulated data and elements indicative of the 

modifies quantization of the errcr term 6x into a step size 6y difference step sizes oy-5y\ ^ - . 

in a redetermined manner so that each 8y is the largest In a determine best fit step 822, a best fit function for the 
value which is less than 6x and equal to the difference 60 amplitude number is derived using a selected fitting 

between the maximum and miiiimum value x divided by an function, as is known in the art, such aa a polynomial fit 

arbitrary integer n. FIG. 6(B) shows a histogram of actual function, a spline function or the like. In one example of a 

in-line parameter values shown on the horizontal axis in beat fit function, a constant function is applied and residue 

terms of the n groupings of quantized step size 6y. These (difference) calculated, then a lmear polynomial fit is applied 
values are nonnalized in data normalize step 516 so that 65 and residue calculated. If the difference is residue is less than 

each histogram value indicates a percentage of the total a designated amount a constant function furnishes a best tit 

number of data points falling within each step size range. If neither the constant nor the linear polynomial functions 



5,719,796 



11 



12 



supply a best fit, a second order polynomial function is 
applied. Similarly, higher order polynomial functions are 
applied until a best lit is found. Generally, the best simulator 
is a simulator in which the best fit is a constant function or, 
if a constant function does not yield a best fit. a lower order 
polynomial function. 

One advantage that is achieved by the m a t c hi ng operation 
800 is a high simulation accuracy based on the 
automatically-obtained precise fitting function between a 
calibration output statistical distribution and actual data. 
This operation statistically fits two data populations for 
which the entire percentile distribution is known so that the 
fitting function for a range of parameters and data measure- 
ments is simply calculated by a direct percentile correlation. 
This means, for example, that 10%, 35%, and 75% of the 
output statistical distribution function is mapped to 10%, 
35%. and 75% of the actual data. Data values between two 
data points is accurately measured by interpolation. 

A further advantage of the matching operation 80+ is that 
the process is flexible and applicable for substantially any 
profile for any number of date samples. Another advantage 
is that the fitting function applies to out-of-range data points. 
A further advantage is that low pass and high pass filters may 
be applied to the resulting data to compensate for measure- 
ment inaccuracy. 

The matching operation 800 also handles out-of-range 
data and predicts possible outcomes that result from appli- 
cation of experimental process parameters that have values 
outside conventional limits. Therefore, the matching opera- 
tion 800 extends beyond the region defined by calibration 
data. From numerical analysis theory, the higher the extrapo- 
lation function order, the larger the possible error. To com- 
promise the accuracy and flexibility of the fitting function, 
a third-order polynomial is used for the fitting function in a 
region not defined by calibration data. 

Following the calibration process, a prediction process is 
performed. The operator specifies input parameters for the 
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Furthermore, for an improv ed-stability fabrication process, 
data fitting is substantially automatic. In addition, physical 
calibration of the process is not necessary so that automatic 
calibration is possible by simulation is achieved before a 
fabrication tool is used in manufacturing. An additional 
advantage is that simulated data achieve improved param- 
eter accuracy. 

Referring to FIG. 10. an overall structure of a fabrication 
system 1000 is shown in block diagram form. In this system 
1000, a fabrication process 1010, as circuits are fabricated, 
generates actual in-line data that is assembled in in-line data 
block 1012 and information for derivation of WET data 
measurement step 1016. This WET data is assembled in 
WET data block 1018. The in-line data and WET data are 
entered into a database 1020. Data in the database 1020 are 
processed in automatic data extraction step 1022 at sched- 
uled intervals such as weeks. These data are assembled in 
data process block 1024 and applied to a calibration process 
1026. Matching procedures are implemented in matching 
function block 1028 to derive profiles and data which arc 
entered into the database 1020. The profiles and data are 
applied to a prediction process 1030. Selected information in 
the database 1020 are also manually extracted in manual 
extraction block 1032 and this data along with operator- 
supplied data 1034 are applied to a manual data processing 
block 1036. Data derived in the data processing block 1036 
are also applied to the prediction process 1030. A calibration 
process 1038 is also performed using the data from manual 
data processing block 1036. Information from the calibra- 
tion process 1038 is used in a manual matching function 
block 1040 to derive profiles and data resulting from the 
manual extraction of selected data, which are also entered 
for performance of the prediction process 1030. The predic- 
tion process 1030 generates prediction information for vari- 
ous applications in block 1042. 

One practical use of a calibration run is to simulate a 
fabrication process, holding all parameters constant, but 
taking actual in-line data measurements over time. For 
example, in some embodiments of the method, data may be 



prediction process including any operator-selected input example, in some crorxxiiments of the method, data may 

parameters or profiles. Any input parameters that are not 40 mcasure ^ wcc Uy over multiple weeks to detect shifting 

specified default to parameters or profiles that are derived in properties over time. Other application* for statis 

the calibration process. Referring to FIG. 9, a prediction - - r.^._._, 

process 900 begins with a simulation start step 910 in which ^ ^ ^ ^ 

operator-specified input parameters and profiles are entered ^ SO o of data for different manufacturing processes, 

and default input parameters and profiles _are "^~JJ 45 ^ ^s^on of certain embodiments of this inve 



user-defined simulation step 912, a simulation is performed 
and profile derived using user-specified data and data from 
a processed table. Following the simulation step 912, a 
simulated profile is generated in simulated profile step 914. 
A matching conversion step 916 combines the difference ^ 
profile and the simulated profile and produces a conversion 
function. A converted structure is derived in step 918. 
Various process parameters are simulated in this manner 
until a process end step 920 terminates the prediction 
simulation. A device simulation is then performed in device 55 
simulation step 922. A profile generated from the device 
simulation is then matched in matching to convert step 924, 
thus generating simulated WET data. 

The WET data derived from device simulation is deter- 
mined in precisely the same manner as the in-line data after 60 
process simulation, using the same matching and conversion 
techniques. 

One advantage of the simulated process method is that 
simul ated and actual data are all treated uniformly and in a 
statistical, rather than deterministic, manner. Another advan- 65 
tage is that all actual in-line data and WET data are available 
for usage in improving the accuracy of the simulation. 



tical simulation include monitoring of manufacturing 
processes, process development and improvement and com- 
irison of data for different manufacturing processes. 
The description of certain embodiments of this invention 
is intended to be illustrative and not limiting. Numerous 
other embodiments will be apparent to those skilled in the 
art, all of which are included within the broad scope of mis 
invention. 

What is claimed is: 

1. A manufacturing monitoring system comprising: 

a fabrication equipment for performing a fabrication 

process step applied to a workpicce; 
a test equipment for acquiring a sample of a process test 

parameter sensed from the workpiece; 
a computer coupled to the test equipment to receive the 

process test parameter sample; 
a software program operable upon the computer system. 

the software program having a plurality of routines 

including: 

a routine for receiving the process test parameter 
sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process 
step to generate a plurality of simulated fabrication 
process results, routine for simulating being a statis- 
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deal simulation of a semiconductor fabrication pro- 
cess further including: 

a simulation loop routine using single-step feedback 
in which a simulation step of a plurality of simu- 
lation steps uses input parameters that are supplied s 
from actual in-line measured data and generates 
output data; 

a subroutine for matching output data generated by 
the simulation step against actual in-line measured 
data; and 10 

a subroutine for adjusting a probability density struc- 
ture of the simulator after each simulator step so 
that the simulated data more closely matches the 
actual in-line measured data; and 
a routine for generating a simulated profile indicative of 15 

the simulated fabrication process results. 

2. A system according to claim 1, wherein the software 
program further includes: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 20 

3. A system according to claim 1, wherein the software 
program further includes: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 25 
simulated profile. 

4. A system according to claim 1, wherein the software 
program simulating routine is a statistical simulation of a 
semiconductor fabrication process further comprising: 

a subroutine for deriving an input parameter to the simu- 30 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 33 
the actual fabrication process being modeled as a 
probability density function. 

5. A system according to claim 4, wherein the software 
program simulating routine is performed in parallel with the 
fabrication process step. ^ 

6. A system according to claim 4, wherein the software 
program simulating routine is a statistical sim u latio n of a 
semiconductor fabrication process further comprising: 

a subroutine for repeating a plurality of simul a tio n steps, 
the repeated steps applying a varying random seed 4J 
value that is varied using a Monte Carlo technique. 

7. A software program encoded on a computer-usable 
medium having computable readable code embodied therein 
controlling a manufacturing monitoring system, the manu- 
facturing monitoring system including a fabrication equip- ^ 
ment for performing a fabrication process step applied to a 
wcrkpiece, a test equipment for acquiring a sample of a 
process test parameter sensed tram the workpiece, a com- 
puter coupled to the test equipment to receive the process 
test parameter sample and having a memory, and the soft- 55 
ware program loadable into the memory and executable on 
the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the simulated fabrication process results; and & 

a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 
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8. A software program according to claim 7 further 
comprising: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 

9. A software program according to claim 7 further 
comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

10. A software program according to claim 7 wherein the 
software program simulating routine is a statistical simula- 
tion of a semiconductor fabrication process further compris- 
ing: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

11. A software program according to claim It, wherein 
the software program simulating routine is performed in 
parallel with the fabrication process step. 

12. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

13. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 

14. An executable program code encoded on a computer- 
usable medium having computable readable code embodied 
therein controlling a numufacturing monitoring system, the 
manufacturing monitoring system including a fabrication 
equipment for performing a fabrication process step applied 
to a workpiece, a test equipment for acquiring a sample of 
a process teat parameter sensed from the workpiece, a 
computer coupled to the test equipment to receive the 
process test parameter sample and having a memory, and the 
software program loadable into the memory and executable 
on the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the rirri' 1 *^ fabrication process results; and 
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a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 

15. An executable program code according to claim 14 
further comprising: 

a Monte Carlo simulation routine for iteratfvely updating 5 
simulation results using a random seed value. 

16. An executable program code according to claim 14 
further comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

17. An executable program code according to daim 14 
wherein the software program simulating routine is a sta- J5 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 20 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

18. An executable program code according to claim 17 25 
wherein the software program simulating routine is per- 
formed in parallel with the fabrication process step. 
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19. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

20. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters mat are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 

* ♦ * * * 
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s a Lois Smoi a oi ai S«a iss eiauuaoiaa aBisasMi oi^oiap. saia aisss 
a a oil Ait mpoiaa ssftetata aasfcai mt&Q. saia Aisaioiaa is 

sTiBsa aswaa *ss»a juixi asss, ^xn Aisaioiaa^fe saia Aisaioiaa 
na5i*» Aisoioi goixixi at p. a^oi. sai issse Aisaioiaasoi f?gsi3ii oisspi a 
m ?*"a IxhS a?* e?@p. beiah. issi§ sixi^otsi 3Haoii suohah aae xaoi 
bep oi a & sxiife xh^s^hj &soi Aiawi bei Scheie, assss a^^s asoispt 
soiiah a sip stsfaa. 

oiaa xiiaasa f§fs xiiagaa auasa sss^a s^oii 3§oi missiP. otis soi, a 
»oj s:Dts <£i\ 0,80 3 ^ se} 3maiMsi 3 eg si saaaa ess ^3«pi sish. gaoi Aiaoni 
pbi oiai3ii amtxis oife? as wbsik moip. as. oiaia 3S »oiaaoi «3ii3 asa ^a 
asa aaoun as^as ^aaoiap. 

xiisaaoii aoun se ^asoi ssia 2oipa, ssa ?sis aaoisio. oiae &§§s siu 
b xiiaaaoii aa ?=sa sah& s^s^i u&uao. apa ass xnsaaa oieh bsioiiai 

Sb gXHI oigj-oj agQ|0|EI2» ^Xlia WET GIIOIEPI g^8|3. £311 OlStt 4= 5UP& S0IP. 331 Ql 
OlEHfe XII £§3 Oil 0H¥ $?ai» S3H3 SSWtt PI 01 EH S SBBO. 

°a;i 2Amoion»fe as b 3iiai as. ^ae as^s. ^aawoii be ^a*t&s msf^u ea 
aoixlsB flissaa s^rnt ^i^oihs sre »oib arb saa ^soisie ^a. aua. 

gfsa s^f 

iiBfAH. s arson bs aaai xn^saa s^sj Aisaioias ^xngaa saichi aAieo «ia as 
qo eh on ah asan «fBwes^a sehs issib gj^niatoiEHfe afBSja»4SQia ^xnxussa 
1 xiaii a'Sauiaaioia) sife Ainaioipoii assap. Aisaioia^^s 5XHia siaa 

atas emsp. oias AisaioiEHt *a=saEns e^s ^sa&p. 

a?i 9?ti3 Aisaioi^e Aisaioia ssoi ^xii pjypja ^aaioias a^ nasj^ 

eioias oissife <z}±w nia^M ois&p. Aiisaioiaoii asH asas s^aioiaej a^^f 




s oi asi as ^g!£¥aa aaguis oissioi st^a ggiis aasiPi ?15H smepfc 201 p. 

0,13 gcH ggoi 50 3Ha g3313il 5S81I! BS^I ?I9H 100 3Ha SEtl9fSS AlBaiOl 

<3^ijoi see n. aissioi^s aa^aoiiAH ^ s^i^u^a as^ii at 5000 3Ha Aisaioi 

<3^gJB SB9 3J0IP. 

sam Aiaaioi^s ¥ 3ixi pgj- aasaai oii*gs-a Aisaioia^ss s»eo. a?ia Aisai 
oi^gsyo e= 3i s w pj ii^e?iaAi sfsaias^s ois«n= S3II3 Aisaioiaoip. 

asggg ^xii 2JP2!^aaioiaoii dhxisis aa B^cnioias assp. Aisaioia saxit aae 
soil Aigat ^xn eiaiej ^sqioiehb ^»i3°s xiasip. mis hch. a§3&.i xhisssoiiaj i *s 

aa 22ms Ais diiia^. waiDia^i 01 uiaa gaioii bpah ahsjii aagasAH, a^se xns^ 

31 ?I6H iSSIBQ. 

s s^sa &d\ ?iae aas ais 331 31x13 aiP. □ ea smt 301 3x1a 3 011 be aras 
ejai9j xn^saaieioii a a niaanas. eranoii sxh ois^afi waioiaa S3ii3 s^s a asp. 
is. S3ii3 AisaioiaoiiAH wsasa ^ss xiisaaoiiAia 4§a§s ssiwji eaa 4 ^ aa . 
Aisaioia ssxiiz aasi Aisaioiaa niaioia^s asAiuasAH xiiawpoias 4=s3°a 33 
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laws *s°sw +saal soiaSi aw. coaA). assa2i aaiaflte Bai±«2i niE«is 01 
ssioi ^ae Eiaoiaa 4=sa aai *3skx «fe» 4= ao. 

^ aacHi gfS2) as §as aaaaoi aisia;>i oh sou. xiisa iwsi a&soi on*? ya. 
ailTe asM Bs e waai ipe ass asbissi wsot: aoio. 

£ , g^s gssKM s^a4=s ^gsit * 3h°i sasnroaoiasi saiasmas uaa sag 
£ 2 fe s SS2I «|AI wioii ms Aisaioi<a Aligns wats s^e. 

E 3 g £ 2011 91WM AlgaiOltf AliS2l ¥6j( two-run) gf±! XHSI^SS UEfU! E. 

e 4 fe s as a aiai on on cos smisaioia ansa ismsi uayi 

E 5 fc E 4 CHI 2JCHA) a §)*)£! 21 ^§01 01 El 2^1IEiaSSrS UEJH! 8S?»§. 
E 6A 011 AH 6C te E 521 ^SQIOIEH Za^SiaS^a B31M SSoPI fl& HBHS. 
E 7A 0IIAH 70 fc ^SCII0IE)2| ^ejBEISS^a S2I22IS U&fcS 3SH5. 

E 8 S E 4 CHlAi SSS 2§XH£|2| ffi ±861. Al XII 0101 El • S2|C||0|E)(MI 0H«AI3lfe §SflSi U 
EftH SS^XIS. 

E 9 fc £ «Sa 4IAI 0110)1 CIS 5313 AlSaiOltfa 011^33 = UEftf S£*?X|M. 

siogg asa aiai o«i oil ms aaAiiaa am ^^°i uaui »s*»m. 

e 2 j- Aiaaioi* ai^s(2oo)2| uat« b^esa), &:>i ai±s(2oo)s oae aissui 
(2io) Wniaoiaa ^ssife was Aissbi(2i2). Aisaiois a#aAi±8(2i4)2£ oi^SSR- 
Ma alaaSS 5<S 3ssuK2io)fc aisaaoii sjoiah ^a eai« ^S8i?i 91 sh msb«. 
Ssaia 1 3a aaiK EamEfe Aiasui(2i2)« mssiw soiaa. ois^i soia ueio a a 

Siaaa as SSIUVo o Ssa. as oioiaa*»tts ohimh p^aoi as a»a »s ♦ 
s» "i*s ois-a 4= »□ sis sni(zio)2i oiife cvo b*w. ssss, oie ssaaioia am. § 
«sui ssa^Dainisui &ss^i. asoiia, noim Miasm, t&^onsaui n sse|c*. as 

ois. aioixi &M3ISHI. bbpi. ^Aiaioia^as sa sseia oi^ao-^ ^5- - mm 
saAi^gj(2i4)s g§ gsas^ ?ife2i aaaioias 4^opi «e s§ st!s=fM ssokr o\w 

e SWHAIiBE A)S ?)fe5)C|. S SSS 91 tt ^^A| WS/H SUN SPARC 20™ AHtt)2l x86 PC ejEUH 

o\±3\ feoi a»Eui^a(2i4)oii AisasiQ. ?eaast PdFab™ Aiseiioiaasa oioias^HS q« 

OIOia£i:ES a{ A||i 52| SEH2I i^Mii!|IO^?^ QIOIEIflai S^OII MSSW. 

6}^i Aisaioia Aiia(2oo)s 04 a ^xi aissi ^gs s&sit asssg ?ie sjii s^e ^oici 
Sm S!aa mis 01 or eis ^ ?i^^ s£eisjo)i saaxi af§4 siess , &i\ Aisaioi^ Alia 

■a Aisao ^ Ai-*-ii(2oo)@ Aisaioia 32121 s*es »«ai9pi aoh. ois^isfi woa a 01 
Se *8tt S «2 feis *afl Aiiaoia AiiH<2oo)s aioia^ ois^i 
iiii isxras Tm muSt Aiaaoia* *m»3i«8hah aioia es(^3i)# w^bd. «m. & 
^ Aisaioia Alia ao)8 &!^oi3 saoi vesw** Aieaioi^2i pis^i a^iem *«. f 

■3\ AlSaiOlS aUb(200)S aa^2£ Ei= SS|§ a^SlI! XISS|°S SSOIIA) £XHSIfe 010184= 

si s^Aiig2ia ssaioi 4>8&a. 

£ 30IIAH2I aOI. AlSaiOl^ AliB!(200)0||A)a ¥^^^1 »£IBSS 2 (310)31 OII^SS (320)21 

IS qs "aa^s 2iaQ. asssoiojoiiAit ois^i*a aioia^i Eacnoiasi 

(312)2) ' " " " 

(316)011 21! 

2a°!f^teVtm?(3i6)V33«5rfli5 iei(3i2)s oiaai ass 

s(3io)§e) a^a 3&&4=s oissioi ^^a cuoias xnaaa. 
oii*sih(32o)oiiai assis(3io)0)iAi assa aioiaa ^es^fe pixiaaioias wi^fcoi oissw- 
oiietseioauset sa»s aioiawioiioii/H 6isa aiaaia^i ra. ^^sssts o ffl a is 
9BTfl»*a»4=fe &oi ^sa niaoiaa aiti&a. aief. wet cuoia Et aaa maoia^i ^ 
?raoiH5oiS« asacl its V oia& wet cuoia Et aaei Moiat =i»»^s a&aoi 
a<ya 2ioii ciiaiea. 

rj s c 4 i= »?iiAisaioiagfg2i aa«a(4oo)» uaa «£*»ss/h. 6Pi as*)a(4oo)t ^xn 

5s5 iS« SaOIHB S?l5l8lfc 9U0IIM Al^iil(422), BS^III^BSIS ^Solt B|fl£ 

iS(424). d^a ss2isa 2 a a ^ssife ^aisi(426). ti^smsaaa s^sife gsss^u 
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(428), WETCIIOlEi WSfQIEl* **aCK7l?l& ^3 VETG||0|E^gJ(430)e S»eO. P4=2| gS3f§0l|Ai 

Aisaioid^^oii 21^1 qb £B«si 5§s oisie 4*sisp. Aisaioiaoii aie& s 

gc^l^ }|fe SE^ ^5 CHI AH gfiff gggIS ^^6fI2 (1). ^a^tett S^S A J^W 

(2), AlSfiilOI^OI (3). M£ QB 31^2} J\S AISBIIOItf H8K>IEI°I Ssf CHI 

(4) HD\9\ g§2}S2J OHfe *H£2JS^E 0IS2J EHE 3I0IM tfSK 3HI0IM Oil SI * ^HOI 

AH ii^^S §1 S»»P. XHdiafSB^IOjlAI ^Jfe g 3 Gil 01 El 58 fiSjXISCIIOIEIS 5 

»5lfc ¥31*1 E}°}2\ &mMO\£\J\ ^3SP. S*!Xf8!GII0|E12| Ollfc tfSga. 311 01 S 6»»¥M. «£l 

^bis^jhioii a& qioiehs ssefa. s^jx^aioiEib wis mch sai^aie jioiszioi, ldo^ihioi/h 
2i m soil aioipg ssftp. 

* 3 CHI 01 EH £Pi= EFShDIEH 2*2| 01 AlBaiOld §2*8 MffO. S ^SOIl PB 

£3I>I§2J 81 0|| Oil Alfa #31 BBIMBI±B(424)S }|0|M asuijas ej Aa^B 

(426)8 6fr»«W21 CHIOIEinSmSS W&O. 

a:?i Ai»aoiflaa(45o)s tfflia e!ae!j»a(420):» em *8sd. Aisaioi^ ai^b(4sz)s fiixi 
ejae!3»a(420)2i ^i&c-iioipoii sbskw Aisenoi^3fS(45o)s ar^&p. #?i aioim ai^b 

(422)8 ?^3^eg(w orkst ream ,U )I!l 1*8 SSXHIOIAI^gJ . Siae ^3^es(Renote Wforkstream )2|- 2 
8 §8*1101 A|±S2] a^S5XH^, TCP/IP^ U8 Ait*12|2J SCH A| §3101 tfUfS 

(450)2S 0|S£J^ fieiHEIIOItfCIOIEia If 8 £J|CI|0|EH2 «g&P. AISBIIOItf A|ZL*B(452)S Al 
SaiO|tf^g(450)21 HfPOIEHS gJ2|2j AhS»«l 2J5H §219 2t2£ £3ISI®P. #31 A|gaiOI<3 Al ST 

^gj(452)2i am Aisaiioig ^(454)8 jh^oh^ a 21 21 A>s»a2ia*8. ueoife #x-ii eiei 
oj 3i££eioi maoiEia* siswoi eaxia^B(424)oiiAi #aafa #xii*H£iB3ti2i esi^s 
s »o Aiaxiai e°j d»b sjememiEPi AiessxKW sjaHAH sssp. oiae gjsimamiafa 

BS*HBI^B(424):D[ AIB2IIOIfi ±S (454) Oil 5j§@a. ^ CHI 01 EH ^ CH£H 3fX| SEHS 3§U ^ &P. 

nau, #:>i s^aioiEi^ axuataoi ai^s^i soil s*i3 a^aioia seimsj 

tiH^s mm CHI 01 EH 0 |OiS ¥^H^i CHIOI EH 9A^0|2j Ql 01 El St £1 

8 ^DIl fi^e^2| g?l£3l§ Ql 0| EH 21 1>£ S5||» S^ISI Ql 01 EH ^ 3313 

£5&^£Ai Mgo^l?]5H SB ^^^^^EfSHf »S S3I UEItHQ. B9I8?I» 

S3I3 S^°J CHI 01 EH ^ 2[2|2J XISS All ^ XI 21 fi^^^Oil 2j & ¥Ei £S£J2i 

uEiyjCf S2oi ^?i^3i2j ez^oi o^y oh. ^>^i ^4=^ bicHSssmas ss^an, suet 

2S92I ^01^ S^@XH ¥ ^H2J 5^M-^^^S^fl^2j i&o^ ^SQ, ?^§S^I Olg^i- 

cm. b a EiioiEiass ueiu^ chioieh^ m^oiEHBM mm m§@q. ezia^s a»e 

2|2|2i &XHI SE^ AlgaiOld B^ CHIOlElgSPfc S3I3 SSS^SAi AlSaiOl^^f gSUfSOII 

A|§aiOI^ 2IS(454)S AlgeilOI<y^i)0| OldH H £L^£J^ S3IA|M2||0|^S ^I^SS^CX ^ 
2|2J AlSaiOI^^S^ 2| S3I3S5S4=S ¥E12| &m 5HS5f^ §£1322! ^Xf 

egyoii a>^/H %^&m xws\o\, 212121 »5«2s**a»^2i »s ^ba. Aiseiioi^2j ms^?i 

CH BJS4*^ S^S52j §5>£S gf^AI^JD. 

s s^soii we a*xiaimaDiEi2i soiife xiBiAizt mamiaoia. ae». aaer ^xhi eieie! 

b Btt*iae>ioiiAi ^chsc[. oiae eiaej n^SEm^gj(456)s ^a, «pi Aigeiioi^ 

^gi(454)0il S9SCI, «5| H^SEHS^ii(456)S BSI XHdl^B(424)HS ¥EH2| gj^ m^0JEH2f 61 

£f2J ^SCHIOIEHS HEISmH. Ol^lf« ^^8PI9I8H PX|S»&P. ^^1 A| ScHI 01 <^ ^ 

(454)011 AH ^^=1 AIS^IOI^S^^ 22JH^nf^^^^iJ(458)^ ¥Sf?l A| gj (460) 2^ 2£9P. 

A^l ^5|?|AIE^gi(460)^ S&l^fS^^^ AI§eilOI<yO|| iifi£t A|2^S 3615^11. A|22iS 
AI^^IOI^>tii(454)0il g3&P. ^1 22|ns^aaia^g|(458)OI|A|fe £XHI22*2F 22JS^2] g 
QH^of^CHI 0|g£J^ 22jnSHhSJ8 ^PS^P. A|g2j|0ldS P^2J £Eil 3\m^ B3I Oil Al ^OIUH. 

01 OH 2|^oj s0l?fS^B3l^ ^^1 AISai0l^^iJ(454)^ ^5[^IA|2>:gJ(460)g §5fb 1 HH^S SS 

BP. 

A|§eil0|^^gj(454)3l ¥^?IA|2^gj(460)0ilA12J P^IIH^ niE^^gjMS ^^1 A|gaiOI^A|^gj 

(2oo)2j i§i eai^gj niE^^^2i aibii^ sq. 2|2|2i Aisaioi^^ijB cib Aisyioi<y^ii 
a £s s^fap. e Aiaaioiti ^^oiiai^, chioieh^ ais^i 01^! ^gi2^ s&acH 

3 Al Sal 01 ^21 XHd|B§2^ EIH^SP. A|§ej|OI^2J S3f^ AlSBilOltf^iiiOll M ^§£10151 

pi oi a 2i a&mteeiie* oigap. B^^gj eih^^h^s ois^o«. giioieh^ Aisai 

Ol^oj S^AI?I?I9I8H ^^Sf3l Af§i 4^ SlU. PS AISBH0ld^2| ^ASTS9 SDIS 

&0I s^so. 

&oi eai^ei ni2^ ;nae a xi Aiseiioids^oi. w^^ois Aisaioi^ ^H2j s^at^ 
^ «joii e¥ 2 2j&e^s 3>tr 21 Aisaioi^ ^soiiAi ^Lfe gen ^^2j Aisaioi^a 

^ gfi5|2§ P = P. 

BttXHSI^B (424)21 ¥1S 0101 21 £12! ^§±£J(426)01IAi*r ^»¥JHI2| CHIOI EiH^H^^ 

*asm. QioiHHsmai ^ ahi pi 01 eh /s ^ chi 01 eh bi jn ^ (462) ^ ^ aaep. ^xiiqioieh/ 

22jCHI0|EH bllJn^gJ (462)8 22JH^H^^^^gJ(458)^¥Ei 22jaiOIP£f 2JBI21 ^3 Gil 01 P (426)^ 
¥EH ^XHI 9J£f21CHI0IPS ^6J5K)1, 01 QIOIEIHSmiJS *t PXIS S^^S - dlS =01, H^Efg!^ 

o| goj xasKH- dmep. OIS^II S^EI XfSH^nhilB ^SH^II^Xi§^gl(464)01l 

XHSaCI, DHSS§^gJ(466)^ OIS 22ICHI0IPS AfgSfOI 22JH^nf^dl0IPS SSSXI. 

CHI 01 P bllI3 ^B (462) Oil Al x^H^EF^S ^1^^ ^XHI CHI 01 EH S ^^^52JX|g 892 

P OH 8 £1 ^&^^J(468)2j 22JH£»ttOI|2|8||A| AI«aP. OHSxHP S^^ii(46 

8)011 AH CHI0|EHy|IQ^ii(462)^¥P21 Xf^H^mS^ o\0\ , &D\ S2jn^nf^^^ ^gj 
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(^pmq AAim ea n SWaS y«5)o S a»AiaP. a?l OH 8 XI SI B»±»(468)0||Aifc B3I » 

S^smStt sansnaia BaaoT 01*21 Aiaaioidss 91 oh 2aa;» ass 221 

as uiawtra oisat reaV^a i a sea. a* ess^i s^mef a Baas wea aaaw 

OISSD OE?AI 1mI^§c7o|eTo)I 2|i5H S2|S)^ 81013*91 01 *5a SZfHS 9!!S?)^0HS0)I 5?H 

« 8 ofi»4.« i gg»feW oisea aa. asSaoioiaoii asii aaaxiat!= aioiaa*oiifc a 3 «J 
ii^VSASir sasmaiMssa. 01 bis oHssg *aaa 9*4*0101*19 33a ass 

#X|A|gja. 

p^o, aajxna^fya- Aisaioia^eioi gias aassroaoi ass ssass ^'l,,™ 

S^«orS53°I *sa^u Q9B Aisaiois, asaa. saisswaaa. **r*Ais. ama 

d s^SS^boi *?So£ *aa * sua am aaa msoiiAHa * eaaa^HB noil sis 
3* %mm*a%M± ¥** saw" nTa 01 01 a a ois. amaaa aiaaa Aisaioia aaaoi 
auaoH, ^uaa xiaaait amm^^iia aa^aoi saw 4»aaa. 
a& amaa ">fsoi*oi. am ass am :aass±gj(428)2£ saas, *g wETGfloia±a(43 
oil a*aWai«T!aoiaa *aaoi wetqiois ssntaa aaaa. a* wet aioiat aaa 

8 WET C-UOIEiS ^SSffc 3 ai« Hi: B (473)011 /H flSISQ. 

sm as S213S ^UOI* AlgaiOl^aaS e°iaaSS^i!(470)0l|AH §222, ass §*iai 

iaioiaol a»Ai«aM«AB<4n>«w hibq. a?i ^'s^^ti.^^-^^^i!^ 

s ai 0 5 nsiii « a a (471 ) a am aas wet aioiaoii aaa^ axissntaa aaaa. axis 
!32SsS(4w)VE SoTeiS sSS«aioia> S H(472)oii/d aae axiaioiaa * ciaaHso 
□ Ti sw »swhi9 §21 xjs alcana- hiubd. oiaai asa a»»«ss»8is »»» 

re oisstoi asinsnaiaioia* e&axi. e& a^i gxiHswaoii8±a(474)oii/H aae ! »ss 
iStta 1 *£s ai wETQioiaa a&aaaxia aascj. bbs^s a ?*^>f sisals 

OisjS aaSH'I^SD WET 8?IIHSnfa BB^a(480)a 22) WETCHIOI EH CHt 2|sf04 

asi i§ * ei(4oo)oii ah aaa s^aioiat oiisssmgia aassaa a^e s«ea. 
*e umqi njB aa»£i(4oo)2i aAiotioii sycHAH, am ej^eiaa(42o)3j Aisaioidjaiausoje mm 
*-a& 1 sa'i aAiyiw sail Ssass aAisa. is, as baioiioii ^chah, am eiaaa 
I AisaoSa ^450)01 mm aaeta aAiau. aAiaoii aaaxit atta. oibmh. o»» 
Aisaioiaiasoi aas am a a ej m a (420)21 ^aa^on/H soia aioiaa 
iaaS a 5? m £ "la (456) a &s ^aoiiAi aaaa^i. asyej Aisaioiaaa(45o)a atjs 

a?i 2s»£i(400)2i pa a ai on 011 sioiah, a?i am ejyeias(42o) as^a eiaa aioiafe x)§ 
5o S *Ja^ii l9iiS(456)3t ^aoiiAt ^lEiBs^g urn eiaeicyoiHsi 01a 
oli a^ia as§ ?ish ns^om ^^i^as ^saa. 

a 6A CHI AH 6C= E 5 21 SS¥»E£j ^gSfOI 2ajfflHS«ia 010198 91 S 2^aaSS^i 32115 

I Sfa»3 aio ii«aaaV^s TSa f lot a 4 a a^i 29-aa^B(456)(473}oiiAH ^ascf. es 
* Siaoiaa aaawfc aajaaassftsoojsi ^iii aa«pi?ie S£¥*<=oia. aioiafe ^ 
a^H(5 o 3" *aaiT aioiat si^sna iH§^a(5i2)2j a^a 9»aa 2»af(a 
X )«a %S/3 a«a aoi aoTao. oioiat hsahi^ waoia. ejafej^axi^ aioia, wETaioiaa 
a"a aeo JeiiiS, Hs/diimaoiate sisaaset *a. aa. xiaat woe! ^^i 2 -^ 

a- ='a sa" aaaaS SaS^a sseo, a?i wet aioiat sm^ivm). a&s^iagi 
(vsat) Sch s a ^5e^(Gm) stflwodsat) §a as a^iai »3Qia*aaaa sasa. a 
usaa^a - pTor^ra^I , MoiMoTa> S H. ^MoiAH^a^aasi raaaaa saigas pma 

I -iKois'a rnsVioi JI9BO. eiaa^axi-Maioiaa wETQioiat sasA) 
*aaii. aamaDiasAH a^i hsahi^oii aaea. 

(6x)a UEHJK. AHIS^S *8XI+«2| ata|o, B? |(6x)0)IA) 8)^S)fe QlOia a SI 4»a SA S 3J0I 

c * mud a»9tits^a(5i4)g 2xia?i(6x)a sxisfa ^a^^oiiasH iaa?i(6y)£ aasKM. 
- -2a3iuy)1f 6x"la is %i s aoii ago, S4 *(n)oii asH uvona sio), a±aa xi 
oi wS sae »» ?i5a. e Tee t am ejaeiaioia^axi^a si^snae uaa sesah 
5 e«s aSia * fei(6y)a a^tn) aeaa uaaa. oiae sts aioia asa^a(5i6)oii 
2 VfljjaJ I mSmbs ; ^ Zu=vm*QWM wasjfc aioiaaa s^a mas uaao. 
a 5 3 aaBEB^ ES^a(5ie)s am aae) waoiaaa kibi£B<» aaBa. e ec t= * 
aaia*" aai« f faf e 521 af S HEs^a^a(52o)0)iA)- n *auE»*sa ^a(6y)a 

2SXf^2£ 0H«SSBa. 

e 7A chi ah e 70 t ^iHS ^aaioias *ib 2aji99S« uaiss asBa .^aaoiaa 
ah »iBE»*fc aasssaaat ois^as Eaaoi one aioiaa xnaaxi at a. ^aaioia 
^'oT& i 5xi aJiTiuSoiaoii asHAi xiasa. otis soh, aausBf'^ a 7a a i^s ^^ieaoii 
B«ak5 #saioiafe aawaoiaafu). semaoiaa(p). aicH»aiDiaat. a^aoiaaoii 
2I6HAH xisaa. as oiisai. aaaas^i e 7B si sa p^^ssoii ^xis)e^. aaaoiat 
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33a bh. a sies «maiss4oi aasci. 

fcfi; lf^c*ili!KiRl »Sai»?S3^H 520 8 IBS«. S£»SIOHS£B(820)OII/d. 

imiVit "'Aw «a» ssnsiii sua cisais** ;a astso ""i" 2 '^ 
S Aiiamat si***'! at Aieaioiaoia. a* 4)*s*3i S55ss« »»-- 

m » ™"*"« = aoiA J .5 «! »VAeo. aoiaa «o, a a,o,a us *e>*« a 
8H gafs^i *§aa. 

20IQ. EES. XH 3 fil EH 21- H^SEHS ^S2J ¥3«HES S6tokr 3^01013011 n»Sr 
3101 □ . 

EES 0188*1800)8 QlOia* MBI»3. ^* Jff^ ^^ Q fJtf^ 

cA!S a S»f»A 1«=" «!« '*«. SfjSoi aaaoiEioi ^hah saaxi »e 

g«£l 3&eh£0ll OISSQ. 

-i»*iPioi as nirn rtii*^?!^ *J*»£!Q ggttfcr ^SXfd^ gl^n^OIEI £££r HSHfSis S&m 

ISA nf.o51Ioiaf=iD*oi i asst "laaoiaAW&tHfnoias *a casaawcra 

asia^S 

SxiAiaaioiaoiiAH ssat wErcnoiat sue oHsa BtwM oi«»« aaiAi«aioia *si eiai 
sj ciioi a a ^as asaa. 

m wcMfMi ma gg TH?ia^a sag ssi qioi eh a Aismioia s^:h saswi. ass^gf^sat 

3IS0II 0l¥OHX|fe AlSaiOiaOtl 2I8HAH XIS2S0I PlfeSIEf. SEW? 88= H - » «l Si-IUIUIH 

fe mafoiasi §«ie» 8?4fAiaa. 

35"vAs^ 



0)011 <M^g §2^ SE© ^*£S^(1032)01IAi 4^§2^ 0| Oil 01 El — SSAhOil-JCH «~ 



17-6 



a FnniHMmAltt «M ^sai0ia3H£|g^(1036)°M SS9a. a?l aiO|£l*)£IS^(1036)OIIA) SS9 

aoiltfa ^^&IS(wSS i aSa57aa«Ei(ioa8)fc as ^saoiaaaiMMraejsj aioias 
ois»« aaea aa»ai(io88)oii/H gas aat= *soh3S*s*(io40)oiia- a:>i oMj«a 

oisao 53aEi{iraSt s^(io42)2i ass as on 12a ai^ssa aaeo. 

tt,^*«oj A,s»oiss 2§ ass mama* assia, aiz^ss ^ixhi ejefei aioia ^sxi^s 

SS2a b»» aSiiSw oh^ at a *om a°ia» ? »5k52- «5 aweS 5 
311 ai Aisaioid ^6|g nisas. ss^aa aasi suas. ahs as »i2is a *a 0101021 hi 

in eoiia §§s =f= aa. 

s tfgoii &6hah ?ioiiah a*** ?i*aomxie>. e ^^S^i^^TS?-^ S2 

At jig S0 |2I ?|*0I stj^B AIBBS 01*011 S¥8 a^BflOII 3|^aCH a2ISOI8i = £ 

°i asa whboiai o»a h». Dis. aa01 
s?a 1 

aisgssi sxhoii ^sat hisssshs 4-ssspi?iei Hissaisi; 

&oi siHsva ana ssai^M waoiasi ass a^as ai^ssoia: 

aj3| ssEflxsn^oia sea =4=<^J si-^i sh eh^ssuioii asa i«sa: 

aoi =»h^=»»oi0 ass *6!cib as. a^°i ssinissaaaa aaapiaa Hisgssiy 

5, a*^"s2iai5sa^i5 waaolaat *e. Hsiassaaaa UEmit ssisswaa a 

S«S %asl Vei sX 8#hai*boii/h ws^s ±ssaoi hsdss sa»t 

as sit his subbai^b. 

2 

HI 1 son aiO|A4. 

"ji iassicH ngnas asig aie&s oisstot Aisaioiaaaa amass aaat saisis 
I Aisaioia^ss a i8»s as ?§°£ ate his euaaAi^a. 

3 

HI 1 SOil SiCHAH. 

g?l SHMSIIOI a4=2| SSBISM El £1010 Sgl 8301010 asLEISOII S«»te 

a^i ssoioia asmaia a 21 ssniai oiisab a saws as ^S2s ate his a 
uasAi^a. 

s?a 4 

hi 1 a oil aioiAH, 

ami ±n^%0\ nsng AlgaiOl BJEfll HIS§S£l S 34I Al SaiOld 012 . *JHI HISgD El£l 

maonATATsaioidas. *a sse^sva eaate gjemiaoiaa asate /dsaean 
■maias^s aasafe asiassas Aiaaioiaat ahs^ss a saait as ?§2i at 
his auasAi^a. 

a?a 5 

HI 4 SOU aiCHAH , 

a?i ssssioi asnai Aisaioia^es 6Pi Hiseasna- saioh as ^sas at 

his aua^Aisa. 

S?S 6 

HI 4 SOU 2JCHAH , 

±E^\0\ AI§aiOlifl¥E!S Sai9|S£ S^IS AISSIO L 8J2I2I 3|B! [ Alf »» 

issifc a^2i Aisaioidsiis a«i»b ahs^hs a sssffe, besi Hissasi s?iiAisaioia 
gjg »S25 sit his auanAiss. 

S^S 7 

HI 4 » Oil SiCHAH , 

a?i sansioi aazia Aisaioia^Eis a^sj Aisaioidsug Ai«awg4tBW a«i g 
Sol ^gaioias^a §39 sj^mdioiaa aissioi a^aioiae aasife bsjssi eie h -!)» 01s 
sit Aisaioid^a^ea; 
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&i\ Aiaaioid^noii/H s»GiioiEi2i xii eiafei^soioiEi* ons»te Ai^ei: 
eojaioiEH^h ftin eiaej ^aaoieioa ^bji ¥«»£^ *t ssi^ei 01*011 Aiaaioi*! hsub 

2J A|£?ga CH SBS>fc.ttE«l Xi|2g§2J sJiAiaaioiaga ^J°s 

xiis slieisai^b. 

8?B 8 

Xll£S32l £IHM 3§£J^r Xll^gS^ils 4*B6m: 
±X|£¥E| ^SEil^M »BK)IEI2| fi^a 

Q-o) S2|XH5£gSai»» ^^5^I?I5H #31 fllSSa^BOII CH^Ste 22] XIISSS AlSffllOld 

cm: 

ao| 22|XIISSSS:itte UEHJte 22|5£I»B8 ^^ofe 21 2 ^ 5&5fb 38 "S2£ Sfe H£9 

921 sueissb. 
s^s 9 

XII 8 SOU 9JiO\M, 

#D\ AISaiOldaiBS £2]2| AI2&8 0188*01 AIMSIIOI^S^S B«2!SS 3*!»fc SEII?tB£ Al 
SBilOI^^&S ^m\^ ^38 CH fiBWfc 21S ^S2£ ofb BS392I SUEtBBB. 

10 

XII 8 SOI 2iCH/H . 

E^2J §SEil6§ EfSIOl EH S^i 5BGI0IEI HSHF3J01I S5U5te 

ggciioiy 5^n^3f £2i H£iit«a umt\^ i§s ch sb»& 5S ^s^s s^t xiisss 

2] 2UHB»B. 

3?S 11 

XII 8 BOII 2iOiA<, 

#?i Aiaaioitfjase ysai xnsss2i »aiAiaanoitfj»3om. ■taMEB^oii/d sssq^ a*»a 

DIEiS Al XII XII293 mefD|E10l!Ai AlgBIIOId °£ £S5^ UlSIlf: 

atBUEB4£ 2^^£J^ BXIIXIIS338 AiaaiO|£Sfe 398 CH SBWte 28 ^3^£ 5ffe XII 2 
SS2] ELIEIgBB. 

3^PS 12 

XII 11 8 Oil 

S3I Alsai0ltf4»SS «3I XIIS33±i« SAIN 4=^£l^ 28 ^S££ Sfe fl|££32J SUEIBB 

a. 

3^S 13 

XII 11 BOil &OUH. 

#?i Aisaioiaaas beh xii£g32i saiAjseiioigom. sepibs b&is a>s«k>i 08& asi 

2| AIH&8 §S5fb Cf^2J AiaaiO|tf^U8 &*6fe 2F38 CH fiSSffe 28 "S^S <5f= 

XII £ £32j SLIE1BBB. 

S^B 14 

XII 11 SOU 210UH, 

#31 AI§eilO|63^S^ B£SI S^IIAiaaiOltf 012 , Cf*2| AlBSIIOIti^fJS tfUSI AlSai 

Old^ilOl 4X11 oj^oj *3CHI0|EHM¥Ei §3S ^HfdfQIEig At 8 8} 01 S^QIOIEHS {igmfc E+SJ 

^gj hie^8 oissf^ Aisaioia^HB ^BCffe ^s^; 

&?l AI8£llOI£±iyOIIAH BrSSQIOIEISI- 4X11 2J^21 ^SCHIOIEig OHSWfc 3*92*: 

22i ciioi a :n 4x11 ejsiej ^schioieioii ch^ ?\®t\\ qh*I8*£«* zt Aiaeiioid^iaoi^oii Aigeiioi^ h 

M3S2J HI^E^iS SSSte HISS CH SBofb 5!s ^§2§ Sfe XJIiSS 2UE^B^S. 
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